Introduction

Background
Irritable bowel syndrome (IBS) is a common functional bowel disorder that imposes a considerable burden on health-related quality of life (QOL) worldwide. IBS patients are more likely to suffer from psychiatric diseases, including anxiety and depression, than are healthy individuals. 1 Besides these psychiatric comorbidities, IBS per se impairs the daily functioning of patients. Furthermore, inadequate symptom control results in a significant economic burden due to greater use of healthcare resources. 2 Population-based studies have reported that the prevalence of IBS is approximately 10% and is increasing in Asian countries. [3] [4] [5] [6] The hallmark of IBS is recurrent abdominal pain accompanying a change in bowel habits. The Rome foundation has published diagnostic criteria for IBS, 7 which are commonly used. The diagnostic criteria comprise minimum requirements for gastrointestinal symptom frequency and symptom onset. To date, holistic knowledge of the pathophysiology of IBS is lacking. Additionally, no biomarkers for IBS have been validated. 8 Use of invalidated diagnostic or therapeutic approaches and good access to treatment may explain the high socioeconomic burden of IBS in Korea. Therefore, organized medical guidelines on IBS based on systematic reviews of the medical literature are needed. The Korean Society of Neurogastroenterology and Motility (KSNM) published the first version of the medical guidelines for IBS in 2005, named the "Evidence-Based Guidelines for Diagnosis and Treatment: Diagnostic/Therapeutic Guidelines for Irritable Bowel Syndrome," 9, 10 which were more narrative reviews than medical guidelines. The topics related to the diagnosis of IBS were updated in 2010 in the form of a systematic review, "Diagnosis of Irritable Bowel Syndrome: A Systematic Review." 11 In 2011, the KSNM published updated medical guidelines on the treatment of IBS. These were the first organized guidelines and comprised 13 statements on relevant issues, including dietary advice, medical treatments, and psychiatric interventions. 12 Since then, there have been considerable advances in the pathophysiology and management of IBS, namely a diet low in fermentable oligosaccharides, disaccharides, monosaccharides, and polyols (FODMAPs); understanding of the gut microbiota; and novel therapeutics. Therefore, the KSNM planned to update the organized clinical practice guidelines to support physicians for qualified medical services and reduce the socioeconomic burden of IBS.
Target Population and Audience
The revised version of the guidelines is in continuity with the previous versions. The primary target population is adult patients diagnosed with, or suspected to have, IBS. The major topics are diagnostic modalities, prevention of aggravation, medical treatments, and alternative therapies. The aim was to facilitate establishment of Korean guidelines based on an adaptation process. We considered that the audience of the guidelines would be primary physicians responsible for the care of persons with IBS-like symptoms. In addition, these guidelines may be used by medical students for learning purposes or by patients as a reference to obtain the latest medical knowledge. The literature search query used took into consideration continuity with the previous guidelines, the target patient population, and the potential audience.
Revision Process
Guidelines Development Committee
The steering committee of the KSNM in 2015 undertook the revision of the guidelines. The Working Group for Guidelines development was formed from 2 of the 16 committees of the KSNM (ie, the IBS Research Group and Medical Guideline Group). The IBS Research Group consisted of 1 institute board member (H.J.K.), a staff member (J.H.K.), and 4 general members (H.D.S., D.H.C., H.S.K., and Y.H.K.). The Medical Guideline Group consisted of 1 institute board member (H.K.J.), a staff member (K.H.S.), and 4 general members (J.E.S., Y.J.C., H.C.I., and S.E.K.). The chairman of the Medical Guideline Group (H.K.J.) oversaw and monitored the developmental process and was responsible for training the committee members. A methodologist expert in formulation of guidelines (H.J.K.) mentored the committee from the beginning of the adaptation process. In addition, a librarian from the Medical Library of Soonchunhyang University Bucheon Hospital (E.A.J.) played an active role as a literature search expert. The Committee members attended the following workshops on guideline adaptation: 'Quality evaluation of the literature according to the Appraisal of Guidelines for Research and Evaluation (AGREE) II,' 'Literature search and the evaluation of published guidelines using AGREE II,' 'Methodology of clinical data extract' (October 23, 2015) , 'The overview of guideline adaptation process' (January 20, 2016), and 'Medical Guideline Committee remuneration training' (September 9, 2016).
Guideline Development Process
Principles of drafting statements
As recommended by the expert methodologist, we drafted statements reflecting the reality of Korean medicine without reference to the statements of other guidelines. To reflect the situation in Korea, we referred to related domestic publications and considered the experts' opinion of clinicians in this field. One librarian was responsible for creating a literature search query, while each member of the committee searched domestic reports employing PubMed and KoreaMed. The population, intervention, comparator, outcome, and healthcare setting principles were employed as the basis of the statements. The present version of the guidelines comprises the following 4 major topics: diagnostic colonoscopy, diet, probiotics, and rifaximin. The data extraction tables were prepared by summarizing the literature on these 4 topics.
Systematic review
In June 2015, a document search expert searched the OVID Medicine, Medline, Medline Systemic Review, Medline Clinical Study, EMBASE, Web of Science, Cochrane Library, KoreaMed, KmBase, and RISS databases for relevant documents. The following search index terms were used as queries: "Irritable Bowel Syndrome" OR "Syndrome, Irritable Bowel" OR "Colon, Irritable" OR "Irritable Colon" OR "Colitis, Mucous" OR "Mucous Colitis" OR "Colonic Diseases, Functional Guideline" OR "Guidelines as Topic" OR "Guideline Adherence" OR "Patient Education as Topic" OR "Practice Guideline" OR "Practice Guidelines as Topic" OR "Clinical Guideline" OR "Clinical Practice Guideline" OR "Consensus" OR "Recommendation" OR "Workshop." "Abdominal pain" was not used as a single query, because it was assumed that the noise factor would be too high. After completion of the search, the document search expert confirmed that all papers associated with IBS containing the keyword "Abdominal pain" had been searched. After discarding duplicates, the total number of documents retrieved was 375. Both committee members reviewed the assigned documents and independently evaluated whether they were appropriate for the adaptation of the guidelines. The inclusion criteria for the studies retrieved were as follows: (1) English or Korean language, (2) published between 2005 and 2015, (3) adult patients as the study population, and (4) use of the most recent version of the IBS guidelines, if such were extant. The exclusion criteria were as follows: (1) guidelines for which the evidence is unclear, (2) guidelines for hospitalized patients only, and (3) guidelines for which a revised edition was available, (4) guidelines that had themselves undergone adaptation, and (5) guidelines not developed by a committee comprised of gastroenterology specialists. A total of 8 candidate seed documents was selected for the adaptation process.
Quality evaluation and final selection of the seed guidelines
All members of the committee participated in evaluation of the quality of the candidate seed guidelines. The authors employed the AGREE II method for quality assessment. AGREE was developed to prevent the development of low-quality clinical practice guidelines and to standardize quality assessments of clinical practice guidelines. 13 ) are mere summaries with only updated content, in which case the previous version of the main body was included in the evaluation. The scale of evaluation was in accordance with the specific guidelines in the K-AGREE II user manual. The completed evaluations of the candidate seed guidelines were collected and reviewed by a supervisor (H.K.J.). If there was a difference of more than 3 points between the 2 evaluators, the 2 evaluators renegotiated with mediation by the supervisor until the difference was adjusted to less than 3 points, as suggested in the K-AGREE II user manual. Through these procedures, each domain score was calculated from the final score of each evaluator for the 6 total domains designated by K-AGREE II. The domain score is the sum of the scores of the individual evaluation items included in the corresponding domain, and the total score is converted to the percentage of the highest score assigned to the corresponding domain by the evaluators. AGREE II does not specify the type of domain score or the absolute minimum reference value. Rather, the domain score utilized is dependent on the situation in which the evaluation tool is used or the judgment of the user. Therefore, the Guidelines Development Committee has established a policy of prior consideration of the "rigor of development" domain. In other words, only guidelines with a rigor of development score of at least 50% were included as seed guidelines. [15] [16] [17] [18] Guidelines with qualifying scores in other domains were excluded from the seed guidelines if their rigor of development score was less than 50%. This is because the rigor of development domain is related to the process used to gather and synthesize the evidence and the methods used to formulate the recommendations. Therefore, we used rigor of development as the essential domain. The 4 major themes in the revised guidelines (colonoscopy, low-FODMAP diet, rifaximin, and probiotics) were revised from the data extraction tables generated using evidence summaries of the seed guidelines. Based on the 2011 Korean guidelines, subjects outside of the 4 major themes were reviewed and further revised by searching domestic documents in KoreaMed. 12 Evidence summary and data extraction table
After selecting the seed guidelines, we prepared evidence summaries to generate data extraction tables, which were limited to the 4 main themes: colonoscopy, a low-FODMAP diet, probiotics, and rifaximin. Based on the method of acceptance of clinical practice guidelines proposed by Harstall et al, 21 we planned to accept the seed guidelines and supplement them with expert opinions. All evidence summaries of the seed guidelines were accepted, and data extraction tables were created. Through this process, we evaluated the levels of evidence to be included in the statement. NICE, a UK methodology development center, recommends clarification of evidence-level grading for adaptation processes that reference several seed guidelines using various rating systems. 22 This revision also defines 3 levels of evidence and evaluates the level of evidence for each statement (Table 1 ). In addition, 2 levels of recommendation are provided, independently of the evidence-based evaluation. In general, decisions on the level of recommendation are based on realistic accessibility and cost effectiveness, irrespective of the level of evidence. Data extraction tables for the 4 main topics (colonoscopy, diet, rifaximin, and probiotics) are provided in the Supplementary Table.
Level of evidence and grade of recommendation
To develop an evidence rating system for each recommendation, we conducted a comprehensive quality evaluation. This evaluation considered the planning method, quality, and consistency of the study, based on the Grading of Recommendations Assessments, Further research is likely to have an important impact on our confidence in the prediction of the effects and may change the prediction. Evidence from RCTs with significant limitations (inconsistent results, methodologic flaws, indirect or imprecise) or very strong evidence from observational studies.
C. Low quality
Further research is very likely to have an important impact on our confidence in the prediction of the effects and is likely to change the prediction. Evidence for at least one critical outcome from observational studies, case series, or RCTs with serious flaws; indirect evidence; or a consensus among experts. Grade of recommendation 1. Strong Recommendation can apply to most patients in most circumstances. The desired effect is certainly greater than the harmful effect.
Weak
The best action may differ depending on the circumstances or patient or society values. Other alternatives may be equally reasonable. The desired effect may be slightly greater than the harmful effect.
Development, and Evaluation criteria, to ensure a high quality of evidence across outcomes, and it consisted of 3 levels (Table 2) . 16, 17 Recommendations were graded as strong or weak. A strong recommendation was defined as one with positive effects considerably greater than its negative effects, expected effects that are likely to be obtained if users follow the instructions, and results that are not expected to change in the future. A weak recommendation was defined as one with inconsistent results that may not be reproducible in future studies.
Delphi agreement process for adoption of recommendations
To adopt the core recommendations of the guidelines, the Delphi technique, which is a panel of experts on IBS, was used. The panel was selected by former or current members of the KSNM Steering Committee and the faculty of the Gastroenterology Departments of university hospitals. The background material was presented to the panels in writing or by email. This initial information was accompanied by tables of results obtained from the main clinical trials, along with the data extraction tables prepared by the Guideline Development Committee. The questionnaire was drafted in English with the grade of recommendation and level of evidence for each statement attached. The possible responses to the questions were as follows: 'I agree completely,' 'I agree mostly,' 'I agree partially,' 'I disagree mostly,' 'I disagree completely,' or 'I am not sure.' Panelists able to participate in face-to-face surveys were allowed a response time of approximately 30 minutes. Panelists who were unable to participate in face-to-face surveys were emailed for 2 weeks. The acceptable response rate was not specified. If the time limit specified in the email was exceeded, no more responses were accepted. Consensus was defined by aggregating the final responses if the combined percentage of 'I agree completely' and 'I agree mostly' was more than 50%. If a consensus was not reached, all panels responding to the recommendation were emailed to determine the issue on which they disagreed. Recommendations that failed to gain a consensus were subjected to 2 further rounds of the Delphi technique. After a series of written surveys and one online survey, all 4 key recommendations gained consensus. The result of the Delphi technique is presented at the bottom of each of the 4 core recommendations.
Internal and external reviews
The members of the Guideline Development Committee conducted an internal review during 2 online and offline meetings. Additional amendments were made and subjected to additional internal review by the executives of the KSNM. The Korean Society of Gastroenterology and Korean Psychiatric Association each recommended a member who would act as an external reviewer. 
Dissemination of the guidelines and revision plans
The developed guidelines will be listed under 'Clinical practice guidelines' on the official website of the Korean Society of Gastroenterology. In addition, we plan to use the updated guidelines in conferences and medical meetings and to deliver lectures in hospitals and institutes. We will also generate a Korean-language summary of the key points, together with a food calendar. The diet is the major issue in practice; therefore, the food calendar is provided as a separate Supplementary The FODMAP (fermentable oligosaccharides, disaccharides, monosaccharides, and polyols) diet : slowly absorbed in the small bowel and fermented in the colon : the osmotic effect and gas forming effect insurance standard, which is the main external barrier to the recommendation, it reviewed the feasibility within the national insurance standard. This amendment will be revised 6 years after its publication in 2011 and subsequently on a similar cycle (or according to the judgement of the KSNM executives following identification of research that would lead to major changes in practice). The relevant committee of the KSNM will be responsible for the revision work.
Editorial independence
The revision meeting was funded by the KSNM alone. No organization or individual influenced the content of the guidelines. The authors of any studies or proposals on the drugs included in the guidelines were notified in advance and were verified before the revision. No member of the working team or committee had a conflict of interest.
Clinical Practice Guidelines
Definition of irritable bowel syndrome IBS is a chronic, recurrent symptom complex, which includes abdominal pain or discomfort, changes in bowel habit, and bloating for at least 6 months. 17, 18 The final diagnosis of IBS is based on the exclusion of organic diseases that would explain the symptoms and the absence of endoscopic abnormalities. The Rome definition is used both clinically and for research purposes. According to the Rome IV definition, IBS is defined by recurrent abdominal pain on at least 1 day per week on average, for the past 3 months, that is associated with 2 or more of the following symptoms: abdominal pain related to defecation, a change in bowel frequency, and a change in stool form. 7 However, this definition is not always applicable in a clinical setting. Therefore, we adopted a broader definition in these guidelines.
To help the primary care physician understand the standard management of IBS, the guideline development committee suggested the clinical algorithm (Figure) . Considering the preference of some patients who prefer non-drug management (diet, physical activity), this life style modification (or combination of pharmacotherapy) locates in the initial management. The definition of refractory IBS, and when to refer to a gastrointestinal specialist, is basically defined by the judgment of the primary care physician. Also, this algorithm is only a general proposal, and there is no legal or medical basis to force to follow it.
Colonoscopy
1. Statement: Colonoscopy may be considered in patients with alarm symptoms, eg, rectal bleeding, unexplained weight loss, change in bowel habits persisting after age 50 years, or a family history of bowel cancer.
• Grade of recommendation: 2 • Level of evidence: B • Experts' opinions: completely agree (37.5%), mostly agree (47.5%), partially agree (10.0%), mostly disagree (2.5%), completely disagree (2.5%), and not sure (0.0%).
IBS usually can be diagnosed according to its characteristic features. 23, 24 The Rome criteria are reliable only when there is no other organic or metabolic explanation for the symptoms. 17 However, the accuracy of a diagnosis based purely on the presenting gastrointestinal symptoms is a concern for practicing physicians. Laboratory tests, including erythrocyte sedimentation rate and stool tests for microorganisms, do not increase the diagnostic yield for IBS. 25, 26 However, symptoms plus negative alarm features have a high predictive value for diagnosing IBS. 27 Thus, these diagnostic tests should not be included in the routine evaluation of IBS, and testing should be individualized depending on factors such as age, sex, family history of gastrointestinal disease, presence of stress or other psychological factors, specific symptom predominance, symptom duration and severity, presence of non-IBS symptoms, and test availability and cost. 28 The diagnostic yield of colonoscopy among IBS patients is very low. 29, 30 However, certain "alarm signs" (unexplained weight loss, blood in the stool, anemia, and a recent change in bowel habits) call for special consideration of other disorders before symptoms can be attributed to IBS. 18, 27, 31, 32 In these cases, colonoscopy has diagnostic value, not only for excluding organic diseases such as inflammatory bowel disease and malignancy but also for microscopic colitis. Biopsies of different segments of the colon may be required for patients with chronic diarrhea to rule out microscopic colitis.
33 Diet 2. Statement: A low-fermentable oligosaccharides, disaccharides, monosaccharides, and polyols diet, which restricts dietary short-chain carbohydrates, is effective in reducing the symptoms of irritable bowel syndrome.
• Grade of recommendation: 2 • Level of evidence: C • Experts' opinions: completely agree (5.0%), mostly agree (67.5%), partially agree (25.0%), mostly disagree (2.5%), completely disagree (0.0%), and not sure (0.0%).
FODMAPs (fermentable oligosaccharides, disaccharides, monosaccharides, and polyols) in the diet can trigger or exacerbate gastrointestinal symptoms (particularly abdominal pain, bloating, distension, and diarrhea) in IBS patients, while a low-FODMAP diet significantly ameliorates these symptoms. However, FODMAPs do not induce gastrointestinal problems in healthy persons. 34, 35 Ingested FODMAPs increase the osmotic effect, are slowly absorbed in the small bowel, and are fermented by the colonic microbiota. This results in increased levels of intraluminal fluid and gas in the small bowel and colon, which cause loose stools, bloating, abdominal distension, and abdominal pain in IBS patients with visceral hypersensitivity. 36 It is also noteworthy that the significantly increased intraluminal osmosis can be induced only if a huge, non-physiological dose of FODMAPs are given, whereas the differences achievable by reducing dietary FODMAPs do not influence fecal water content and do not change the character of the stools. 34 The common food sources of FODMAPs are shown in Table 2 . 36, 37 An elimination diet to prevent triggering of IBS symptoms is recommended for management of IBS. 12 Restriction of dietary short-chain carbohydrates (ie, FODMAPs) improved IBS symptoms in one controlled trial 38 and 2 randomized controlled trials (RCTs). 34, 39 Three studies reported significant improvement of abdominal pain and bloating but not flatulence and diarrhea or constipation. 34, 38, 39 The side effects of a low-FODMAP diet were not reported, as the durations of these studies were less than 4 weeks. Thus, studies evaluating the long-term outcomes and adverse effects of a low-FODMAP diet are warranted. East and Southeast Asian foods high in FODMAPs include Korean foods (kimchi, doenjang, ssamjang, and mandu), Japanese foods (gyozas), Thai foods (tom yum soup and some curry paste), Chinese foods (dim sum, wonton, man tou, red been sweet soup, and green bean soup), and Vietnamese foods (pho topped with onion). 37, 40 Physical Activity 3. Statement: Physical activity may be helpful in improving the symptoms of irritable bowel syndrome.
• Grade of recommendation: 2 • Level of evidence: C • Not voted in the revised edition Data regarding the effectiveness of physical activity in alleviating IBS symptoms are limited. In one RCT, 12 weeks of treatment with physical activity (20-60 minutes of moderate-to-vigorous intensive physical activity on 3 to 5 days per week) improved the IBS-Severity Scoring System score significantly in patients with IBS. 41 Moreover, the frequency of increased IBS symptom severity was significantly higher in the control group than in the physical activity group. In the physical activity group, the IBS-QOL scores improved significantly in the dimensions of emotion, sleep, energy, physical functioning, social, and physical role at the 12-week visit relative to those at baseline. In another RCT, 12-week exercise therapy significantly improved constipation, but not other IBS symptoms, in 56 IBS patients. 42 Although there is no clear evidence of the efficacy of other behavioral modifications, such as eliminating alcohol or smoking, getting good sleep, and taking rest, in reducing IBS symptoms, a reduction in the risk of IBS is plausible. 20 Physical activity and other behavioral modifications may be recommended for improving IBS symptoms.
Bulking Agents
4. Statement: Bulking agents can provide overall symptom relief in irritable bowel syndrome patients.
• Grade of recommendation: 2 • Level of evidence: B • Not voted in the revised edition Bulking agents are fiber supplements, such as psyllium (ispaghula husks), calcium polycarbophil, methylcellulose, and bran. Soluble fiber can provide overall symptom relief in IBS patients, but possibly only in patients with constipation-dominant IBS (IBS-C), although most trials did not specify the type of IBS evaluated. 15 In a randomized placebo-controlled trial of 275 patients with IBS, treatment with psyllium for 3 months significantly improved abdominal pain or discomfort, but bran did not. 43 44 Bulking agents can cause bloating, gas, and abdominal discomfort or pain in some IBS patients. 45 Osmotic Laxatives 5. Statement: Osmotic laxatives can increase stool frequency in constipation-dominant irritable bowel syndrome patients.
• Grade of recommendation: 2 • Level of evidence: B • Not voted in the revised edition
Osmotic laxatives are poorly absorbed by the gut and induce water secretion into the intestinal lumen, which softens and eases passage of the stool. Osmotic agents, such as polyethylene glycol (PEG), lactulose, sorbitol, and magnesium hydroxide, are inexpensive and have been validated in RCTs for chronic constipation.
PEG is a water-soluble polymer that is minimally absorbed in the gastrointestinal tract and behaves as an osmotic laxative. PEG has been approved by the United States Food and Drug Administration for the treatment of chronic constipation. A meta-analysis reported that PEG significantly increased the number of stools per week in patients with chronic constipation. 46 However, PEG has not been extensively evaluated in patients with IBS-C. In one RCT involving patients with IBS-C, PEG was superior to placebo for relief of constipation but did not show a beneficial effect on other symptoms of IBS. 47 PEG may be useful in patients with IBS-C for specific symptom relief or as an adjunct treatment; moreover, PEG has few adverse effects and a low cost. Lactulose is an osmotic laxative used to treat chronic constipation. However, lactulose is not recommended for treatment of constipation associated with IBS, because its fermentation in the gut may worsen bloating and gas distension. 48 
Antispasmodic Agents
6. Statement: Antispasmodics are effective in treating abdominal discomfort and pain in irritable bowel syndrome patients.
• Grade of recommendation: 1 • Level of evidence: B • Not voted in the revised edition Antispasmodics, including smooth muscle relaxants, antimuscarinic agents, anticholinergics, and calcium channel blockers, have long been used to treat IBS. Antispasmodic agents reduce the abdominal pain associated with IBS by inhibiting the postprandial contractility pathways in the gut wall and improve bowel habits by increasing the colonic transit time, which reduces the frequency of stool passage, particularly in diarrhea-dominant IBS (IBS-D). In a meta-analysis, antispasmodics showed a beneficial effect on abdominal pain, global symptom assessment, and symptom scores. 49, 52 The results of RCTs of antispasmodics are summarized in Table 3 . Alverine citrate is a selective serotonin subtype 1A receptor (5-HT 1A ) antagonist that inhibits calcium uptake and modulates smooth muscle activity. Alverine, in combination with simethicone, resulted in a significant reduction in abdominal pain and discomfort in a large placebo-controlled trial. 53 Mebeverine is a musculotropic agent with antispasmodic activity that regulates bowel function. Since the 1960s, mebeverine has been used to treat IBS and has shown promise in several clinical trials involving IBS patients. However, in a recent systematic review of 8 RCTs, mebeverine treatment did not result in significant clinical improvement or relief of abdominal pain compared with a placebo. 54, 55 Otilonium bromide is a poorly absorbed antispasmodic agent found to be effective in reducing pain and improving defecation alterations in IBS patients in placebo-controlled trials. 56 Pinaverium bromide has been used to manage the symptoms of IBS. In a recent review of RCTs, pinaverium significantly reduced abdominal pain, improved stool consistency, and reduced defecation straining and urgency in IBS patients. 57 Phloroglucinol is a non-specific antispasmodic that reduced pain in IBS patients in a placebo-controlled trial. 58 The incidence of adverse events was significantly higher among those taking antispasmodics as compared with a placebo; the most frequent adverse events were dry mouth, dizziness, and blurred vision. No serious adverse events were reported.
Anti-diarrheal Agents
7. Statement: Loperamide is recommended to improve stool consistency and decrease bowel frequency in diarrhea-dominant irritable bowel syndrome patients.
• Grade of recommendation: 1 • Level of evidence: C • Not voted in the revised edition
Loperamide is a synthetic opioid receptor agonist that stimulates inhibitory presynaptic receptors in the enteric nervous system, resulting in inhibition of peristalsis and secretion. Loperamide is the most commonly used drug for multiple symptoms of IBS, particularly diarrhea. The starting dose of loperamide varies from 2 mg once daily to twice daily, and doses of up to 12 mg daily are reportedly safe. 60 Although the efficacy of as-needed loperamide for IBS has not been evaluated, it is commonly used in clinical practice.
In the late 1980s, double-blinded RCTs revealed that loperamide improved stool consistency and frequency but not pain or global symptoms in IBS patients. 62, 63 However, the overall quality of evidence was very low due to the small sample size, serious risk of bias, and imprecision. The adverse events of loperamide were similar to those of placebo; however, nausea, cramping, and constipation frequently occur in the general population. ramosetron 5 µg once daily increased the monthly responder rate of patient-reported global assessment of IBS symptom relief compared with a placebo. Ramosetron was also as effective as mebeverine in male patients with IBS-D. In a recent RCT involving 343 male patients with IBS-D, 71 ramosetron 5 µg once daily was effective in improving stool consistency, relieving abdominal pain/discomfort, and improving health-related QOL. In 2 recent randomized, doubleblinded, placebo-controlled studies involving 985 female patients with IBS-D, 73,74 ramosetron 2.5 µg once daily improved abdominal pain/discomfort, stool consistency, and overall IBS symptoms. Regarding safety, ramosetron is associated with a lower incidence of constipation than are other 5-HT 3 receptor antagonists and is not associated with ischemic colitis. [69] [70] [71] [72] In a recently published longterm phase III study, 75 no serious adverse event related to ramosetron, specifically ischemic colitis, was observed in patients who received 2.5 or 5 µg ramosetron. However, constipation occurred in 19.7% of patients given 2.5 µg and in 10.5% of patients given 5 µg ramosetron. In summary, ramosetron is effective, with long-term safety, for the treatment of male and female patients with IBS-D. Thus, ramosetron shows promise for treating patients with IBS-D.
Serotonin Subtype 4 Receptor Agonists 9. Statement: Prucalopride, a serotonin subtype 4 receptor agonist, may improve stool consistency, abdominal pain/bloating, and health-related quality of life in constipation-dominant irritable bowel syndrome patients whose bowel symptoms are refractory to simple laxatives.
• Grade of recommendation: 2 • Level of evidence: C • Not voted in the revised edition Serotonin influences the secretory, motor, and sensory functions of the gastrointestinal tract. 76 5-HT 4 receptors are distributed throughout the gastrointestinal tract, and stimulation of these receptors enhances intestinal secretion, augments the peristaltic reflex, and increases gastrointestinal transit. 77, 78 Prucalopride is a novel gastrointestinal prokinetic agent and a high-affinity, highly selective 5-HT 4 agonist. 79 Prucalopride accelerates gastrointestinal and colonic transit in patients with constipation. 80 Prucalopride 2 mg once daily for 12 weeks was more efficacious than a placebo in improving stool frequency and stool consistency, decreasing the need for rescue medications and reducing symptoms of constipation in Asian and non-Asian women, and was safe and well-tolerated. [81] [82] [83] [84] [85] Previous nonselective 5-HT 4 agonists (cisapride and tegaserod) are associated with significant interactions with other receptors, leading to adverse cardiovascular events and resulting in withdrawal of these drugs from the market. 86 However, serious cardiac toxicity has not been reported in patients taking prucalopride. Because no data on the efficacy or safety of these agents for the treatment of IBS are available, when bowel symptoms are refractory to simple laxatives, prucalopride can be considered in patients with IBS-C.
Antibiotics
10. Statement: Rifaximin may be effective in reducing global symptoms of diarrhea-dominant irritable bowel syndrome.
• Grade of recommendation: 2 • Level of evidence: B • Experts' opinions: completely agree (7.5%), mostly agree (42.5%), partially agree (45.0%), mostly disagree (2.5%), completely disagree (0.0%), and not sure (2.5%).
Rifaximin is a poorly absorbable rifamycin derivative that inhibits bacterial transcription. The bioavailability of rifaximin is very low because of its poor absorption in the gastrointestinal tract, which reduces the risk of serious systemic side effects. The poor absorption of rifaximin enables an effective concentration to be maintained in the intestinal lumen. A recent review suggests that a subtype of IBS, referred to as small-intestinal bacterial overgrowth, occurs secondary to an intestinal bacterial infection, 87 and changes in the spectrum of small intestinal bacteria is reportedly associated with the pathogenesis of IBS. [88] [89] [90] These provide a basis for considering the use of antibiotics in IBS patients. Traditional antibiotics, such as neomycin, are effective against IBS. 91 However, antibiotics have not been used extensively to treat IBS because of the risks of side effects and the development of antibiotic resistance. Several double-blinded, randomized placebo-controlled trials and systemic literature reviews show that rifaximin is effective in improving various IBS symptoms. Four recent RCTs have demonstrated the beneficial effects of rifaximin for IBS-D. [92] [93] [94] [95] These trials involved 3837
patients and compared rifaximin with placebo for the treatment of patients with non-constipation IBS, the majority of whom had IBS-D. In 2 small RCTs, the active treatment groups received rifaximin 400 mg twice a day (bid) or 3 times a day (tid) daily for 10 days, 92, 93 while in 2 large RCTs, the patients took rifaximin 550 mg tid for 2 weeks. 94, 95 Four RCTs with dichotomous endpoints support the efficacy of rifaximin in patients with IBS-D and those with relapsing symptoms of IBS-D, and repeat rifaximin treatment was efficacious and well tolerated. [92] [93] [94] [95] The overall quality of rifaximin was rated as moderate. 96 In contrast to other treatments for IBS, which were taken daily, rifaximin was administered for a short duration. In addition, the meta-analysis by Menees et al 97 noted that studies involving older patients and a higher proportion of women than men reported higher response rates. Rifaximin is effective for reducing abdominal pain, bloating, and improving stool consistency. However, the efficacy of rifaximin may decrease over time; therefore, repeated treatment may be necessary. Rifaximin has few side effects and a low cost.
Probiotics
11. Statement: Probiotics may be considered to relieve global symptoms, bloating, and flatulence in irritable bowel syndrome patients.
• Grade of recommendation: 2 • Level of evidence: C • Experts' opinions: completely agree (7.5%), mostly agree (55.0%), partially agree (27.5%), mostly disagree (7.5%), completely disagree (0.0%), and not sure (2.5%).
Probiotics improve mucosal integrity and restore the intestinal barrier by regulating the gut microbiota. Global symptoms, bloating, and flatulence have been assessed in 23 RCTs involving 2575 patients; 15 weeks improved bloating and bowel function compared with the placebo. The improvement in global symptoms exceeded that of the placebo by more than 20% (P < 0.02). 98 Five randomized placebocontrolled trials reported that probiotics (Lactobacillus rhamnosus, Lactobacillus plantarum, and VSL#3, which contains a mixture of lactobacilli, bifidobacteria, and a Streptococcus strain) improved some symptoms, mainly bloating and flatulence. [100] [101] [102] [103] [104] Several RCTs of probiotics have been performed in Korea. Treatment with Bacillus subtilis and Streptococcus faecium for 4 weeks was significantly superior to the placebo in reducing the severity and frequency of abdominal pain (P = 0.044 and P = 0.038, respectively). However, there was no significant difference in bloating, frequency of gas expulsion, frequency of defecation, or hardness of stools before and after the treatment. 105 Agents that restore the balance of the colonic microbiota, such as probiotics or poorly absorbed antibiotics, show promise for postinfectious IBS. Further high-quality RCTs are needed to recommend effective evidence-based treatments for patients with postinfectious IBS. 87 The optimum strains, species, or combinations thereof, and the appropriate dose and duration, are unclear. Overall, however, probiotics are considered beneficial for IBS, as they are inexpensive and safe. Tricyclic antidepressants (TCAs) can be considered in IBS patients whose symptoms are not improved by laxatives, loperamide, or antispasmodic agents and can provide abdominal pain relief and improve the overall symptoms. Antidepressants, such as TCAs and selective 5-HT reuptake inhibitors (SSRIs), influence the CNS, and peripheral nervous system and thus could be effective against IBS, the pathogenesis of which has a neurological component. 108 Indeed, TCAs reportedly ameliorate IBS symptoms. 51, [109] [110] [111] [112] [113] [114] [115] [116] RCTs that compared TCAs with placebo or "usual management" reported that TCAs significantly improved overall IBS symptoms (NNT=4; 95% CI, [3] [4] [5] [6] [7] [8] . 115 109 TCAs are generally more effective against IBS-D. 117 A study of only IBS-D patients reported that amitriptyline results in a significant reduction in the incidence of loose stools and the feeling of incomplete defecation compared with a placebo (P < 0.05). 111 However, another study reported that TCAs have similar efficacy against IBS D, IBS-C, and IBS-mixed. 118 Further largescale studies of the clinical effects of antidepressants in IBS patients are thus needed. Antidepressants are regarded as relatively safe; 119 the RR of adverse effects from antidepressants was higher than that from a placebo in a meta-analysis of 7 studies (RR of experiencing any side effect, 1.63; 95% CI, 1.18-2.25). 120 The number needed to harm was 9 (95% CI, . No serious adverse events were recorded, but the frequencies of drowsiness and dry mouth were higher in IBS patients taking TCAs than in those taking a placebo. However, there is a risk of QT interval prolongation in patients taking TCAs. 16 Therefore, 5-10 mg amitriptyline should initially be taken once daily at night. The dosage may be increased incrementally but should not exceed 30 mg (Table 4) . 18 13. Statement: Selective serotonin reuptake inhibitors may be considered to improve the sense of well-being of patients with irritable bowel syndrome.
The efficacy of SSRIs against IBS is controversial. In 7 RCTs involving 356 patients, SSRIs reduced IBS symptoms compared with a placebo (NNT=4 ; 95% CI, 2.5-20). 120 In addition, SSRIs significantly improved IBS symptoms compared with a placebo (NNT=3.5; 95% CI, 2-14). 115 However, a recent meta-analysis of 5 RCTs involving 371 patients reported that SSRIs did not exert a significant effect on the global symptoms of IBS (RR, 1.38; 95% CI, 0.83-2.28). 116 In addition, SSRIs did not improve abdominal pain or enhance the QOL of the IBS patients. SSRIs promote peristalsis and thus are considered to be more effective for IBS-C than IBS-D. 117 A recent study in Korea reported that the selective 5-HT reuptake enhancer tianeptine was not inferior to the TCA amitriptyline in providing global relief of IBS symptoms (abdominal pain/ discomfort, stool frequency/consistency, QOL, and overall treatment satisfaction) in patients with IBS D. 121 Therefore, SSRIs may provide some degree of symptom relief in a subset of patients with IBS. SSRIs are more tolerable and have fewer side effects compared with TCAs, and the risk of critical adverse events is minimal. Several IBS guidelines recommend SSRIs for treatment of IBS. 15, 17, 18, 115 Therefore, SSRIs may be considered for IBS patients in whom TCAs are ineffective. 18 Further well-designed RCTs are required to evaluate the efficacy of SSRIs in IBS patients.
Others
Chloride channel activators Activation of chloride channels at the apical surface of the intestinal epithelium is the major mechanism of secretory diarrhea (eg, cholera). Two placebo-controlled trials have assessed the efficacy of lubiprostone in IBS-C patients. 122, 123 Interestingly, lubiprostone exerted a greater effect on abdominal pain and bowel movement than did the placebo. 122 A phase III trial demonstrated an 8% therapeutic gain for lubiprostone over placebo in IBS-C patients, with similar adverse events. 123 However, these trials have been criticized for not including an Food and Drug Administration responder end point, and the therapeutic gain was not clinically important.
Psychological therapies
Psychological therapies include cognitive behavioral therapy, relaxation therapy, dynamic psychotherapy, and hypnotherapy. Several RCTs reported that psychological therapies provide significant relief of the symptoms of IBS. 109, [124] [125] [126] [127] [128] [129] [130] Psychological therapies for IBS have an efficacy similar to medical therapies in terms of improving the symptoms or QOL of IBS patients (NNT=4). 15, 115 A recent meta-analysis of 41 trials involving 2290 patients reported that psychological therapies reduce gastrointestinal symptoms in patients with IBS at 1-6 months and 6-12 months after treatment. 131 However, these studies had limitations, including a low methodological quality, relatively few patients, and no consideration of the heterogeneity of IBS, ie, IBS-D, IBS-C, and IBS-mixed. 132 In addition, conducting comparative or double-blinded trials of psychological therapies is difficult; therefore, we should pay much attention to when the results are directly applicable to the real clinical practice. 124 Cognitive behavioral therapy (NNT=3; 95% CI, 2-6), 109, 124, 129, 130 dynamic psychotherapy (NNT=3.5; 95% CI, 2-25), 126, 127 multicomponent psychological therapy (NNT=4; 95% CI, 3-7), 125, 133 and hypnotherapy (NNT=4; 95% CI, 3-8) 128, 134 were effective against the symptoms of IBS. Unfortunately, stress management and mindfulness training did not have a significant effect on symptoms of IBS, and the effect of relaxation therapy is controversial. 124, 131 Psychological therapies have no significant adverse effects.
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